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Fluid frolll acute surgical wounds and £rOIll nonheal-
ing pressure ulcers was exaIllined for the presence of 
severallllatrix Illetalloproteinases. Gelatin zYlnogra-
phy deIllonstrated the presence of two Illajor gelati-
nases with apparent Illolecular n"lasses of 72 kDa and 
92 kDa and two minor gelatinases with apparent 
mobilities of 68 kDa and 125 kDa. Antigen-specific 
sera identified the 72-kDa protein as matrix mello-
proteinase-2. The same sera also reacted with the 
68-kDa protein, which is consistent with it being an 
activated form of matrix metalloproteinase-2. Anti-
gen- specific sera identified the 92-kDa and 125-kDa 
proteins as matrix metalloproteinase-9. Levels ofma-
trix D"letalloproteinase-2 and matrix metalloprotein-
ase-9 were elevated more than 10-fold and 25-fold, 
respectively, in fluids from pressure ulcers compared 
with fluids from healing wounds. Examination of 
total potential and actual collagenolytic activity re-
vealed that fluid from pressure ulcers contained sig-
T here is growing recognition that excessive protease activity and, in partic ular, that of the matrix metal-loproteinase (MMP) f.1mily, may be a key feature of the pathophysiology of many chronic, noninfec tiolls , inflammatory diseases such as osteoarthritis, rhe uma-
toid arthritis, degenerative aortic disease , and p eliodontal disease 
(Weiss, 1989; Vine and Powell, 1991; Laubio ef ai , 1994b ; Martel-
Pelletier e/ ai, 1994). T h erefore, we tested the hypothesis that 
elevated levels of MMPs occur in fluids from pressure ulcers. A 
quanti tative comparison of the gelatinases. MMP-2 and MMP-9, in 
fluids from healing surgical wounds and pressure ulcers was pe r-
forme d. A functiona l assa), was used to quantitatively compare 
collagenolytic activity in these wounds. In addition, complexes 
consisting of activated collagenase and tissue inhibi tors of metallo-
proteins (TIMP) were also quantified . 
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nificantly greater levels of both total and active 
collagenase compared with that of acute surgical 
wounds. In addition, an enzyme-linked immunosor-
bent assay demonstrated that fluids froln pressure 
ulcers contained significantly more collagenase com-
plexed with the inhibitor, tissue inhibitor of metallo-
proteinases. Together, these observations suggest 
that an imbalance exists between levels of matrix 
metalloproteinases and their inhibitors in the fluids 
of pressure ulcers and that this is primarily the result 
of elevated levels of the Illatrix Illetalloproteinases. 
The presence of excessive levels of activated forlllS of 
matrix-degrading enzymes at the wound surface of 
pressure ulcers Illay impede the healing of these 
wounds and may be relevant to the development of 
new rationales for treatment. Key 1V00'ds: collagenase/ 
gelatillase/c/,Yoltic lVolllldsf 4 C-collagell slIbstmte. ] I,west 
Del'llwtol107:743-748, 1996 
MATEIUALS AND METHODS 
Sample Collection and Preparation Informed consent was obtained 
for all procedures. Patients undergoing surgery (mastectomy, abdomino-
plasty, and reduction mamllloplasty) or with pressure ulcers were recruited 
from inpatient ;lIld outpatient populations of the Medic<LI College of 
Virginia Hospita ls, Riclullond , Virginia. 
Stage III and IV press ure ulcers were present for greater tha n 3 mo and 
hea ling at a rate of less than 1.0 mm per wk. Fluids fj·om the ulcers were 
allowcd to accumulatc undcmcath an occlusive dressing (Cuti Film, 
Bcicrsdorflnc., Norwalk, CT) over a period of 4-6 h. Accumu lated Auids 
were collectcd by aspiration with a sterile 1 .O-cc tuberculin syringe, clarified 
by centrifugation (1 6,000 X .Ii for 5 min at 4°q, and stored at -20°C. Fluids 
from surgical wo unds were collectcd over a 4-h period in ]ackson-Pnltt 
drains on days 1 through 3 post surgery and subsequently handled in an 
identica l manner as the chronic u.lcer Auids. T he protein concentration of 
wound Auids was determined using the Bio-Rad protein assay (Bio-Rad 
Laboratorics, Hercules, CAl with bovine serum albumin as a standard . 
Zymography Wound Auid samples containing 100 f..Lg of protein were 
incubatcd overnight at 4°C with 2 f..Lg of sheep anti-human MMP-2 (The 
Binding Site Limited, San Diego. CAl or with 2 f.Lg of sheep anti-human 
MMP-9 (generous gift from W. Steder-Stevenson, National Cancer Insti-
tute) in a total volume of 200 f.LI of Binding buffer [25 111M Tris(hydroxy-
Illcchyl)-anlinomethanc (Tris)-CI, pH 8.6, 125 mM arginine. 2.5 mM 
ethylenediaminetetraacetic acid (EDTA), and 0.5% Triton XIOO]. Immune 
complexes were co llected by incubating with 15 f..LI of prcwashed 10% 
protein G-Sepharose for 20 min and pelleting. The immune complexes were 
washed three times with Binding buffer and once with 10 111M Tris-CI, pH 
0022-202X/96/S10.50 • Copyright © 1996 by Thc Society for Investigative Dermatology. Inc. 
743 
744 YAGER ET A L 
0.2 II." II.N 1.6 .'-2 6." 12.5 25 511 IIHI x III'·' p~ 
__ .-;.--_ .. 16 MMp·2 
-
. ,
;, . E ... 
.~ E 
c ~ ~ 
:::l ~f 
li .~ c 
":;.!:! 
'" c ~= ... ~ c ~ 
'Q. 
5 x 10' 
4 x 10' 
3 x 10' 
2 x 10' 
1 x 10' 
2 3 4 5 
Loglli I'jcograms Protl!in 
MMt>·9 
-
6 
Figure 1. Quantitative gelatin zymography. Bcginning with 100 ng, 
2-fold seria l dilutions of purified MMP-2 and MMP-9 were analyzed by 
zymography using SOS-10'Vo polyacrylamidc gels conta ining 0.1 % gelatin . 
Plotting of the intcgrated density as a function oflog ' (l pg ofprotcin yielded 
Linear slopes for 0.2-100 ng of MMP-2 and 0.4-100 ng of MMP-9 (r2 
0.989 and 0.955, rcspectively, using linear regression analysis). 
7.5, and then suspended in 40 Jkl of Laemmlj loading bufFer [100 mM 
Tris-CI, pH 6.8, 1% sodium dodecyl su lf.,te (SOS), and 5% glycerol]. 
Twenty-, 5-. and I -Jkl aliquots were electrophoresed (100 volts at 4°C) on 
7. 5°/', polyacrylamide gels containing 0.1 % gelatin . After soaking in 2.5% 
Triton Xl 00 to remove the SOS, gels were incubated overnight in substrate 
bufFcr [50 mM Tris-CI, pH 8.0, and 2 111M CaCI2] at 37°C. To visualjze 
zones of clearing representing lysis of gelatin by gclatinases, gels were 
sta ined for 1 h in 0.1 % Amido black-30% methanol-l0'X, aceti c acid and 
then destajned with 30% methanol-l 0% acetic acid. Images of the gels were 
archi ved using a UVP GOS7500 (UVP, Upland. CAl. Standard curves for 
purified MMP-2 and MMP-9 (Biodesign, Kennebunkport, ME) were 
generated by plotting the common logarithm of the amount of protein IIerSI1S 
the volume (product of the average intensity and area) of the zones of 
clearing of gels run in parallel. Incrementa l increases in protein djd not 
result in a proportiona l increase in integrated density, and the slopes of the 
two curves generated by linear regression ana lysis were also djfFercnt. Based 
on the results depicted in Fig 1, the following equations were used to 
determinc relative leve ls of these MMPs in plasma and wo und fluids: 
Integrated dcnsity of MMP-2 = - 152337.7 + (67043.1 X log,o pg 
enzyme); and, Integratcd density of MMP-9 = - 464046.9 + (171705.9 X 
log ,o pg enzyme). Statistical analysis was performed using a two-tailed 
Student's t test. 
Generation ofRadiolabcled Substrate Skin [rom fetal New Zealand 
w hi te rabbits was harvested on gestation day 26 (term = 31 d), minced, and 
incubated for 16 h at 37°C in Dulbecco's modified Eagle's medium 
containing penjcillin, strcptomycin, and 10 JkCi each of '<lC-labeled proline 
(267 mCi / mmol, Moravek Biochemicals Inc.,Brca, CAl and 14C-labcled 
2-glycine (49 mCi/ mmol , Moravek Biochemicals Inc.) per m!. At the end 
of the incubation pcriod an equal volume of cold 1.0 N glacial acetic acid 
(PH 2.0) containing 1.0 mM phenylmethylsulfonyl fluoride, 1.0 mM 
N-ethylmaleimide, and 5 111M EOTA was added, and the tissue was 
homogenized with a Polytron homogenizer (Brinkm'm, Westbury, NY) on 
ice . Pepsin (Sigma C hemical Co. , St. Louis, MO) was then added to a final 
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conccntration of 1.0 mg per ml, and the homogenate was digested for 48 h 
at 4°C with constant stirrin g. 
Pcpsin was inactivated by the addition of Trizma base to 100 mM and 
addition of 10 M NaOH to adjust the pH to 7.5 . T he homogenate was 
clarified by centrifugation (30,000 X g for 20 min) and then dialyzed 16 h 
at 4°C against three changes of 50 111M Tris- C I and 1.0 M NaCI, pH 7.4. 
T he dialyzed material was again clarified and dialyzcd ovcmight against 50 
mM Tris-CI and 1.8 M NaCI, pH 7.4. Precipitated collagen type fII was 
removed by centrifugation (30,000 X g for 60 min at 4°C). The remaining 
superna tant was dial yzed ag,';nst 50 111M Tris-C l and 3.5 M NaCl, pH 7.4, 
to precipitate type I collagen . Precipi tates were resuspendcd ,md dialyzed 
against 2.0 mM glacial acetic acid . Coomassie blue staining of purified 
collagens fractionated on 5% SOS-polyacrylamidc gcls demonstrated that 
the majority (> 95%) of the material migrated as al (I) and a2(I) co llagen . 
To determine precise specific activi ty and to further verify purity, aliquots 
were acid hydro lyzed and subjected to quantitative amjno acid analysis . 
Typica l activity using this method was 1,000-5,000 dpml fLg collagen . 
Collagenolytic Assay Tc1jopeptide-type I coll agen mjgrated on dena-
turing SOS-polyacrylamide gels as two bands (- 110 and 100 kOa) repre-
senting thc two difFerent a - chains. Incubation of the radio labeled substrate 
in coll agenase buffer only for as long as 96 h did not resul t in appreciable 
«5%) lysis. Incubation of the substrate with 10 units of chromatographi-
call y purified clostridiopeptidase A resulted in total degradation of the imact 
co llagcn . In contrast, the purified e:'C 11 ;110 labeled collagen was resistant to 
digestion with 100 units of the serine protease, trypsin , at 30°C overnight. 
Digestion of the purified radiolabeled type I collagen with human interstitial 
coll agcnase (Biogenesis, Inc. , Sandown, NH) resulted in the expected TC-~ 
products. The smaller TCn fragments were run ofF the low percentage 
polyacrylamide gels under these conditions. 
Reactions we re performed in triplicate. Samples were diluted to 200 fLg 
per ml w ith coll agenase assay buffer (25 mM Tris-Cl, 200 mM NaCI, 3 mM 
CaCI2 , 0.03% Brij-35, pH 7.5). Except whcrc noted, 500 Jkl of sample were 
mixed with 30 Jkl of 14C-labeled coll agen and then incubated at 30°C. 
Negative controls contained 10 111M EOTA. To measure total collagenase 
activity, reactions contained 1.0 mM p-aminophenyl mercuric acetate. 
A1.iquots were removcd and the reaction stopped by adding EDT A to 10 
mM and isopropanol to 70%. Precipitated protein was pelleted by centrif-
ugation at 16,000 X g for 30 min at 4°C, resllspended in protein gel loading 
buffer, heated at 90°C for 5 min, and electrophoresed on 6% SDS-
polyacrylamide gels. After electrophoresis, gels were prepared for fluorog-
raphy by fixi ng in 10% acetic acid and 25% isopropanol for 15 min and 
soaking in Ampljfy (Amersham Corp. Arlington Heights, lL) for 15 lnin. 
Dried gels were cxposed to Hyperfilm-MP (Amersham Corp.) at -80°C. 
R.efcrence gels containing known amounts of 14C-labe led collagen were 
used to generate equations for converting scanned units into micrograms of 
degraded co llagen . Flllorogram images were archjved using a WI' 
GOS7500 and analyzed using the VVP System 5000. Statistical analysis was 
performed lISing a two-tailed Studcnt's t test. 
Immunoassays for TIMP and Collagenase Complexes Levels of 
T IMP complexed with collagenasc were measured using a commercially 
available sandwich enzyme-linked immunoassay (Amersham Corp.) (Cook-
sley cl. aI, 1990). Wound fluids were titrated into assay buffer before being 
added to mjcrotiter plates coated with an antibody to T IMP. After washing, 
a rabbit po lyclonal antibody gcneratcd agai nst MMP-l was added. A third 
antibody, donkey anti-rabbit conjugated to horserad ish pero>.idase, was 
used to detect the secondary antibody. T he amo unt of peroxidase was 
determjned spectrophotometricaUy (450 nm) using 3,3' ,5,5 ' -tetramethyl-
benzidine as a substrate. Two-fold dilutions of T IMP and MMP-l com-
plexes (provided by the manufacturer) were used to generate a standard 
curve. Statistical analysis was performcd using a two-tailed Student's t test. 
RESULTS 
The protein composition offluids fro m healing surgica l wounds and 
from pressure ulce rs are qualitatively and quantitatively similar. 
Fluid from postsurgical wounds was collected fro m several patients. 
As h as b een previously reported, mean protein con centrations of 
plasma and fluid from h ealing surgica l wounds or pressure ulcer 
were found to be similar (35.0, 28.7, and 28.1 m g per 011 , 
respectively) (Wysocki ef ai , 1993) . Electrophoretic profiles of 
protein (Coomasie staining) were also both quanti tatively and 
qualitatively simila r (not shown) . These findings are con sistent with 
wound fluids representing a typical plasma transudate (Wysocki e/ 
aI, 1993; Young and Grinnell , 1994). 
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Figure 2. Fluid from pressure ulcers contain elevated levels of 
• MMP-2 and MMP-9 compared to healing surgical wounds. (A) 
Equiv ale nt amounts o f prote in (100 J.Lg) fi'o l11 plasma. fluid from acute 
surgical w ounds. and fluid from press ure ul cers analyzed by ge laon zymog-
rap h y. (B) Zymography o f il11munoprecipitatcd MMP-2 from the same 
wo und Auids. Band corresponding to the G8-kDa fo rl11 of MMP-2 is no ted 
with ~ at the right. (e ) ZYl110graphy of illll11unoprccipitated MMP-9 from 
the saJ1~ e wo und fluid s. Positio ns of l11 0lecular mass sta ndards arc indicated . 
Lalle 1, plasm a; Inll cs 2- 6. acute surgical wound fluids; Inlles 7-11 . pressure 
ulce r flu ids. 
T he Existence of Quantitative Differences in the Gelatinase 
Profiles of Fluids from Healing Surgical Wounds and Pres-
sure Ulcers T o compare gelatinase levels in Auids fi:0111 healing 
surgical wo unds and pressure ulcers. quantitative zymographic 
analysis was performed . Zymograph y has been used primarily as a 
qualita tive tool. In order to use this teclmique in a quantitative 
fashion, standa rd curves using purified MM.P-2 and MMP-9 were 
gen e r a ted . Sedal 2-fold dilutions of known amo unts (0 .2-100 ng) 
of p urified MMP-2 and MMP-9 w ere subjec ted to gela tin zym og-
raph y. Zones o f clearing w ere scanned, and the resul ts (average 
) pixel intensity X mm 2) pl o tted as a fun ction of log ,o enzyme (Fig 
1). U sing this method . it was possible to show linearity over a 200-
to SOD-fold range. 
T h e gelatinolytic pro fil es of plasma, healing surgical wounds, and 
pre ssure ulcers are presented in Fig 2A. In this experiment, 
equivalent amounts of protein (100 J..Lg) we re analyzed . T he 
gela tinolytic pro files o f Ruids from acute healing and pressure ulcers 
appeare d to be qualitatively similar. Tlus is in contrast Wlth 
observa tio ns o f Auid from chroluc venous stasis ulcers, which have 
been reported to contain multiple gela tinolytic species (Wysocki e( 
ai, 1993; Bullen el ai, 1995) . 
T o p ositively identi ty the gelatinases , wound Auids containing 
equivalent amo unts o f pro tein were subjec ted to immunoprecipi-
tation with antisera specifi c for MMP-2 or MMP-9 prio r to 
zymograph y. Antisera directed against MMP-2 precipi tated a major 
species o f 72 kDa and a minor species of 68 kDa ~ig 2B) . TI~ e 
68-kDa antigen was present in very low or undetectable amonnts m 
plasm a and Auids from acute wounds. In conlTast , levels o f both the 
) 72- kDa and 68-kDa antigens were signifi cantly higher in Ruids 
from pressure ulcers (Fig 2B, Table I) . Antisera specific for 
MMP-9 also immunoprecipitated multiple species (Fig 2Q. One 
species had an apparent molecular mass o f 125 kDa. T.he maj~r 
species immun oprecipi tated with MMP-9 - speclfi c antIsera mJ-
grated with an apparen t molecular mass of 92 kDa: In three o f fi.ve 
of the fluids from pressure ulcers, there w as an additIOnal band With 
a mo bili ty (90 kDa) slightly fa ster than the 92 kDa band . Levels of 
the 92-kDa form o f MMP-9 w ere virtually undetec table in plasma 
(Fig 2C). Levels o f the 92-kDa form of MMP-9 were significantly 
IUgh er in Auids from pressure ulcers compared with Auids from 
acute h ealing wo unds (Table I) . III vil/o , MMPs are activated by 
proteolytic cleavage, tl1l1S genera ting a slightly smaller form of tile 
MM P, IN I'KESS U RE U LC ER S AND AC UTE WOUND FLU IDS 745 
Table I. Fluid from Pressure Ulcers Contain Elev ated 
Levels of MMP-2 and MMP-9 Compared to Healing 
Surgical Wounds" 
MMP-2 
MM P-9 
n 72 kDa 68 kDa 92 KDa 
Plasma 1 0.33" ND' ND 
ACll te healing 5 0.33 :!: 0.03" 0.08 :!: 0.05 7.2 :!: 1.90 
Pressure ul ce r 5 3 .6" :!: 1.03 0.25" :!: 0.02 186.3" :!: 59 .1 
" fvb tcrial illlllllllloprccipitatcd frO I11 wound flui d ( 100 J.Lg of to tal protein) using 
antise ra specific for MMP-2 or MMP-9 was su bj ecLed to ge latin zymography. and the 
resulting zones o f clearing were analyzed by densitometry. Kn own amOllnts of purified 
MMP- 2 and MM P-9 run on p:u allcl gels were used ro generate standard c u rves (sec 
tV/aTt'n·flls alltl tHctllOtlS) . 
/0 Nanograrns of enzyme per 100 j..Lg of to ta l prote ill . 
( Not detected . 
• 1 Mean ::t SEM. 
I' P < 0.0 I ullpaired Student ' s r test: co mpared w ith leve ls present in acute wound 
fluid s. 
enzym es . T he presence of smaller molecular mass form s in Auids 
from pressure ulcers suggests tha t e levated levels of the activated 
forms o f these cnzymes are al so present. 
Fluids from Pressure Ulcers Contain Elevated Levels of 
Collagenolytic Activity Thc ini tial cl eavage o f the native 
molecule probably serves as the rate- limiting event in the tumover 
o f collagen. A fun ctional assay was used to compare levels of 
collagenase in healing surgical wo und Ruids and pressure ulcers. In 
designing this assay, an important consideration was the abili ty to 
distinguish between bac terial and vertebrate collagenases, because 
chronic wounds fi'equently contain significant numbers of bacteria 
(> 10" organisms pcr gram of ti ssue) . T herefore, w e took advantage 
of th e ability of vertebrate collagenases to initially cleave collagen 
at a single site across all tlU'ee chains at res idu e 771 to produce 
fragments three fourths (TC A ) and one fourth (TCB ) tl1C length o f 
intact collagen (Seng el ai, 1984) . Performing assay incubations at or 
below 32°C permitted accumulatio n of the TCA fragments. 
An example of tile results typically obtained with the colla geno-
lytic assay is sho wn in Fig 3. Assays were performed eitller in the 
presence of 1 0 111M EDT A as a nega tive control or with or witl10ut 
ac ti vatio n by the organom ercurial, p -amin ophen yl m ercuric ace-
ta te, to compare functionall y active enzym e and total potential 
activity. In the examples presented in Fig 3, equi valent amounts of 
protein (1. 00 J..Lg) w ere incubated with 25 J..Lg of collagen fo r 30 min 
(pressure ulcer Auids~ or 4 h (pl a.sm~ and acute healing w ounds) . 
Presence o f the TC products mdlcated that the collagen was 
serving as a substra te for mammalian collagenase. AltllOugh no 
collagenolytic activity was detected in plasm a after 4 h , extending 
the incubatio n to 24 h revealed low levels of collagenase that could 
be activated with p-aminophenyl m ercuric acetate (Table II). 
Witho ut exception , levels of bo th active and tota l p o tential collag-
enolytic activity in pressure ulcers were significantly greater than in 
acute healing surgical wounds (Table II) . By this assay, the 
collageno lytic ac tivity in Auids from veno us stasis. diabetic, and, to 
a lesser extent, sickle cell ulcers has ah o been fo und to be elevated 
(data not S hO~l) . 
Fluids from Pressure Ulcers Contain Elevated Levels of 
Collagenase and Inhibitor Complexes Preliminary experi-
m ents found levels of T IMP to be signifi cantly low er in the Auids 
fi'om pressure ulcers than in Auids fro m hea ling surgical wounds 
(data not shown) , but this and similar approaches did no t indicate 
wheth er the TTMP is free or associated with co llagenase. An 
al tem ative approach was to measure T IMP/ coUagenase complexes 
directly. For this, a sandwich enzyme-linked immul1osorbent assay 
(Amersham Corp .) consisting o f an anchoring T TMl) antibody and 
a collagenase secondary antibody w as used . Levels o f T IMP-1 that 
w as complexed w ith collagenase were fo und to be m ore than 7 
times grea ter (111.0 ng per ml liS 14.7 ng per ml, p = 0.001) in 
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Figure 3. Fluid from pressure ulcers contain elevated collageno-
lytic activity~ ColJagenase activ ity in wound flu ids ,vas IneaslIrcd using a 
soluble co llagen substrate. UppCfpallt:l, 50 fLg of plasma (Ialles :1-3) and acute 
surgicaJ wound Auids (Ia/Il's 4-9) were incubated with I'IC-labeled co ll;lgen 
for 4 h at 30°C in the presence of 1.0 mM EDTA (Ia/Il" 1,4,7), or 0.5 mM 
APMA (Ia lles 3,6,9), or alone (ialles 2,5,8). LOlller palle!, 50 fLg of fluid from 
pressure ulcers were in cubated with I'C-labeled co llagen for 30 min at 30°C 
in th e prescnce ofl0 mM EOTA (Iall"s :10,13,16), or 0.5 mM APMA (Ialles 
12, 15,18), or alone (Ialles 11,14,17). Reaction products were fractionated by 
e lcc tro phoresis 0 11 SOS- 6% polyacryJamide gels. In tact collagen substrate .is 
indicated on the lift and TC A products on the r(~"t. 
fluids fi'om pressure ulcers compared to fluid from healing surgical 
wonnds (Fig 4). T his indicated that a significant proportion of the 
T IMP present in fluids from pressure ulcers was bound to collage-
nase. 
DISCUSSION 
An imbalance between collagenolytic activity and endogenous 
inhibitors has been suggested to be responsible for the excessive 
tissue loss that occurs during diseases such as periodontal disease, 
rheumatoid arthritis, and osteoarthritis ~Dean e/ ai, 1989; Vine and 
Powell , 1.991; Woessner, 1991; Martel-Pelletier et ai, 1994) . Break-
down of the extracellular matrix is an integral part of the wound 
repair process and is involved in wound debridement, dissolution of 
the basement membrane, neovascularization, turnover of the pro-
visional matrix, and subsequent long-term tissue remodeling. The 
inability to correctly regulate the activity of the enzymes involved 
in these processes could prevent or delay healing. 
It is well known that fundamental differences exist between fluids 
from acute healing wounds and chronic non healing wounds. Fluids 
from acute wounds contain factors that stimul ate cellular prolifer-
ation and synthesis of extracellular matrLx components, whereas 
fluids from certain chronic wound ulcers have been shown to 
inhibit cellular proljferation and to contain reduced levels of many 
growth factors Oalkanen cl til, 1983; Alper ct ai, 1985; Helo et ai, 
1991; Katz el ai, 1991; Cooper et ai, 1994). Elevated proteinase 
levels have been demonstrated in fluids from blistering diseases, in 
Table II. Fluids from Pressure Ulcers Contain Elevated 
Levels of Collagenase Activity Compared to Healing 
Surgical Wounds" 
Tota l Active 
Sample Activity/' Enzyme/ 
Plasma 3 0.50 ::+: 0.22 < 0.1 
Acute 9 4 .67 ::+: 0.98 1.03 ::+: 0.46 
Pressure 7 43 ::+: 5.75" 23 .1 ::+: 1.55' 
" rtcsults obtained by densitometric analysis of electrophoresis products generated 
by in cubating 50 J.Lg of protein from plasma acute surgical wound fluid s, ilnd i1uids 
from pressure ulcers as described in Fig 3. All reactions were pcrfonncd in rripiiclltc . 
b Units ± SEM where one lIlli t amount of enzyme required to cleave 1 IJ.g of type 
I collagen in 60 min at 30°C. 
( p < 0.05 unp;lircd Student's t [cst cOI'lIparcd to levels present in acute wound fluids. 
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Figure 4. Fluids from pressure 
ulcers contain elevated levels of 
TlMP-l complexed with colla-
genase. Levels of T IMP-l com-
plexed with collagenase in acute 
healing su rgica l wound fluids (n = 
14) and in fluids from pressure ul-
cers (n = 6) were determined by 
sandwich enzyme-linked immu-
nosorbent assay lIsing ktl0'VU 
amounts of T IMP-l complexed 
with MMP-l as standards. All m ea-
surClllcnts including standards were 
performed in duplicate . R.esults are 
presented as mean ng of TIMP in 
TIMP/collagenase per mg toral 
protein ::!: SEM (p < 0.006). 
corneal ulcers, and in diabetic and venous stasis ulcers (Berman et 
tli, 1983; Oikarinen el ai, 1983; Fini et ai, 1992; Oikarinen et aT, 
1993) . Levels of neutrophil elastase activity are 10- to 40-fold 
higher in fluid from venous stasis ulcers than in acute surgical 
wounds (Rao et ai, 1995). Using semiquantitative zymography, 
levels of two gelatLnases, with an apparent mo.l ecular mass of72 and 
92 kDa, have been reported to be elevated in fluid from venons 
stasis and diabetic ulcers (Heusscn and Dowdle, 1980; Wysocki et 
ai, 1993; Bullen el ai, 1995). Tlus observation was subsequendy 
confirmed, and the two gelatinases were identified as MMP-2 and 
MMP-9 (BuIlen el til, 1995). 
In the current study, quantitative zymograpby in conjunction 
with immunoprecipitation demonstrated that levels of the MMP-2 
zymogen were elevated more than 10-fold in fluids from pressure 
ulcers. The 68-kDa form of MMP-2, which in all likelihood is the 
active form of the enzyme, was elevated 3-fold . Levels of MMP-9 
were also elevated (25-fold) . 
An issue raised by tlus study is the identity and source of the 
collagenolytic activity found in fluids from pressure ulcers. At 
present, four different mammalian enzym es are known to possess 
the ability to lyse fibrillar collagen: interstitial collagenase (MMP-
1), neutrophil collagenase (MMP-8), collagenase-3 (MMP-13), and 
MMP-2. 
MMP-l is synthesized by a variety of ceJJs including keratillo-
cytes, .fibroblasts, smooth muscle cells, and macrophages (Kleiner 
and Stetler-Stevenson, 1993) . In healing human wounds, ill situ 
hybridization and immuL1olocalization studies have shown dlar 
expression of MMP-l appears fLrst in keratinocytes at the wound 
margin, followed later by expression in perivascular regions and the 
dermis (Saarialho-Kere e/ ai, 1993; Strickljn el ai, 1993; Stricklin and 
Nanney, 1994; Inoue et ai, 1996). One group has reported that in 
dermal ulcers, transcripts for MMP-l were found primarily in 
keratinocytes- bordering the ulcers (Saarialho-Kere el til, 1992' 
Saarialbo-Kere et ai, 1993). 
MMP-8 is the primary collagenase found in other diseases that 
are associated with excessive tissue erosion, such as periodontal 
disease, rheumatoid arthritis, and osteoarthritis (Ingman el ai, 1994: 
Lauhio el ai, 1994a, 1994b; McCulloch, 1994). MMP-8 share 
sequence similarity with MMP-1 but is expressed ptimarily (but not 
exclusively) by neutrophils, which store the premade enzyme in 
secretory gnmules (Hasty e/ til, 1984, 1990). It seems likely d1at a 
significant amount of MMP-8 is present in pressure ulcers and 
pressure ulcer wound fluids. Neutrophils are one of the earliest cells 
involved in wound repair, and following degranulation, release 
large amounts of degradative enzymes including elastase and 
MMP-9 (Weiss, 1989). 
MMP-13 has been only recently identified in the cDNA derived 
from a breast tumor (Freije el til, 1994). Expression of recombinant 
forms of MMP-13 yields a protein with collagenolytic properties 
but this MMP has not been detected in normal tissues , and its 
expression during wound repair has not been examined. Because 
MMPs are involved in tumorigenesis and wound healing, it may be 
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valuable to examine whether tlus collagenase is expressed during 
wound repair. 
A fourth enzym e with the ability to cleave coll agen fibrils is 
MMP-2. Typically, MMP-2 is expressed as a 1:1 complex with 
TIMP-2 (Goldberg et ai, 1989). Purified o r recombinant MMP-2 
can cleave collagen fibrils (Aimes and Quigely, 1995) . There is 
some evidence of differential localization of MMPs and TIMP in 
healing and nonheating wOlUl.ds (Saaria lho-Kere ct ai , 1992, 1993; 
Stricklin etal, 1993) . To determine whether MMP-2 can function as 
a collagenase during wound repair will require additional studies. 
Little is known about endogenous inlubitors of collagenase in 
pressure ulcers. Bullen et al (1995) found that TIMP-l levels in 
healing surgical wounds peak at approximately 2 d (2,500 ng per 
ml) and then rapidly achieve and maintain a plateau at about 1.5 j.Lg 
per ml (Bullen c/ ai, 1995). In contrast, mean levels in fluid from 
venous stasis ulcers were found to be approximately 1.0 j.Lg per ml 
(Bullen c/ ai, 1995). Using an enzyme-linked immunosorbent assay, 
we have also found that TIMP-l levels are significantly lugher in 
fluids from hea ling open dermal wounds compared with fluids from 
pr essure ulcers. 
The enzyme-linked immunosorbent assay used in this study was 
designed for measurem ent ofTIMP/ MMP-1 complexes. [f MMP-8 
is the predominant collagenase in wound fluids , the results obtained 
from tlus analysis may provide an under representation of the t!'lle 
levels ofTIMP/collagenase complexes; however, this would prob-
ably have little effect on the relative differences found in acute 
wo und fluids and fluids fi'om pressure ulcers. Preliminary analysis of 
the antibody generated against MMP-l suggests tllat it also recog-
nizes MMP-8 (data not shown) . 
The existence of different coLlagenases, possibly with difFerent 
sub strate preferences ;11 11 ; 110 , would be consistent with the possibil-
icy that these enzymes have different roles during wound repair. 
MMP-8 is tikely to act primarily as a debridement enzyme and 
would be most prominent during the inflammatOl,), stage of wound 
repair. lJl contrast, MMP-1 is likely to be involved in facilitating the 
nligration of cell s into the wound as well as in participating in 
long-term tissue remodeling (Girard ct ai, 1993; Saarialho-Kere et 
ai, 1993; Fisher et ai, 1994). Because mul tiple fomls of coUagenase 
may be involved in normal wound repair, strategies designed to 
influence collagenolytic activity may need to be aimed at a specific 
enzynle. T he use of the tetracycline antibiotics, and doxycycline in 
particular, to selectively inhibit MMP-8 and not MMP-1 represents 
one s u ch strategy (Humbert et ai, 1991 ; Schwartz and Van Wart, 
1992; Lauluo e/ ai, 1994a, 1994c; Lauhio c/ ai , 1994c). 
OUI studies identify and quantitatively compare two gelatinases 
present in the fluids of healing surgical wounds and in pressure 
ulcers and also measure the coUagenolytic activity in these fluids. 
T h e fi nding of significantly elevated levels of gelatil1ases and 
collagenolytic activity in pressure ulcers could provide important 
clues to understanding the pathophysiology of these 110nheating 
wounds and for the developm ent of improved therapeutic ration-
ales. 
We r"allk S am A laislt (md David Beltillger Jor Ilteir lec/Illieni SltP1JC1I1, Olll)'illka 
Oll/roy eJor It ellijitl t1isCliss iclII , atICl tlte residellts c!I lslay Jor O,eir spirituous SUJ'pt>l1. 
TI,is '/lork was SIl}JPOI1cd by Nnriolla l [llstitllfes oj /-Jealll, Gmllls GJ\lI-20298 mltl 
GM-47566. 
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